We present new high-dispersion spectroscopic and precise photometric observations to identify 11 new Doradus variables. Seven of these new Doradus stars appear to be single, three are primaries of single-lined binaries, and one has two distant visual companions; none are double-lined or close visual binaries. Several of the stars show spectroscopic line-profile and low-amplitude radial velocity variability indicative of pulsation. All 11 stars are photometrically variable with amplitudes between 8 and 93 mmag in Johnson B and periods between 0.398 and 2.454 days. One star is monoperiodic; the rest have between two and five independent periods. The variability at all periods approximates a sinusoid, although three of the stars exhibit cycle-to-cycle variation in the level of maximum brightness, similar to the Blazhko effect observed in some RR Lyrae stars. We provide a new tabulation of all 54 Doradus stars confirmed to date and list some of their properties. All are dwarfs or subgiants and lie within a well-defined region of the H-R diagram that overlaps the cool edge of the Scuti instability strip. Four of the new Doradus variables from this paper also lie within the Scuti instability strip but do not exhibit the additional higher frequency variability typical of Scuti stars. The variability type of several of these stars given in the General Catalog of Variable Stars and in SIMBAD should now be revised.
INTRODUCTION
This work continues a series of papers in which we have examined the spectroscopic and photometric characteristics of candidate Doradus stars (most recently, , 2005 Henry et al. 2004) . Early summaries of this new class of variable stars can be found in Kaye et al. (1999a) and . Kaye et al. (1999a) included a list of 13 members of the class. The Doradus stars typically have multiple photometric periods between 0.3 and 3 days and sinusoidal light curves with amplitudes of a few millimagnitudes to a few percent (e.g., . Radial velocity variations of 2-4 km s À1 and changing spectroscopic line profiles have also been observed in many Doradus stars (e.g., Krisciunas et al. 1995; Balona et al. 1996; Hatzes 1998; Kaye et al. 1999b Kaye et al. , 1999c Mathias et al. 2004) . It is generally agreed that the photometric and spectroscopic variations arise from nonradial, g-mode pulsations of high order (n) and low spherical degree (l ) (Kaye et al. 1999a ). Guzik et al. (2000) proposed that the pulsations are driven by a convective flux-blocking mechanism at the base of the relatively thin convective envelopes of Doradus stars. Warner et al. (2003) modeled this mechanism and computed a theoretical Doradus instability strip. Recently, Dupret et al. (2004) developed new models of the flux-blocking mechanism that included the influence of timedependent convection.
The most recently published list of confirmed Doradus stars contains 42 members Table 5 ). These stars lie in a fairly tight region of the H-R diagram, on or just above the main sequence, that partially overlaps the cool edge of the Scuti instability strip (Henry & Fekel 2003, Fig. 28 ). demonstrated that the observed location of the Doradus variables agrees well with the theoretical instability strip of Warner et al. (2003) . Since the Doradus and the Scuti instability strips overlap, Henry et al. (2004) continued the efforts of Handler & Shobbrook (2002) to find examples of stars pulsating intrinsically with both Doradus and Scuti frequencies. They concluded that the growing number of confirmed Doradus variables that also lie within the Scuti instability strip but do not exhibit additional Scuti variability makes it unlikely that the two types of pulsation can coexist in the same star. Shortly thereafter, however, Henry & Fekel (2005) discovered that the Am star HD 8801, which apparently lacks a binary companion, does exhibit both Doradus and Scuti pulsation. The coexistence of both Scuti p-modes and Doradus g-modes is allowed in the new models of Dupret et al. (2004) .
In this paper we identify an additional 11 Doradus variables, bringing the total number of confirmed Doradus stars to 54. None of the new Doradus variables exhibit additional Scuti pulsation. All fall within previously established limits for the Doradus instability strip.
THE SAMPLE
Ten of the 11 Doradus candidates in this paper were taken from the list of prime candidates in Handler (1999) , who identified them on the basis of his analysis of Hipparcos photometry (Perryman et al. 1997 ). The 11th star, HD 213617, came from the list of further Doradus candidates in Handler (1999) . Seven of the 11 stars were also included in the spectroscopic survey of 34 Doradus candidates by .
To create his Doradus candidate lists, Handler (1999) extracted all the stars from the Hipparcos catalog (Perryman et al. 1997 ) with (1) spectral types from A to G, (2) photometric periods from 0.3 to 10 days, (3) photometric amplitudes less than 0.2 mag, and (4) Hipparcos magnitudes brighter than 8.5 at minimum and not classified as supergiants. This resulted in a sample of more than 1000 candidates. Obvious non-Doradus stars were eliminated from this sample by inspection of the light curves and by preliminary period analysis. The remaining 70 stars, plus a small number of additional candidates proposed in the literature, were divided into the primary candidates (46 stars) and the further candidates (36 stars). The primary candidates consisted of those stars with the best evidence for multiperiodicity in the Doradus period range, which, as Handler (1999) explained, tends to eliminate the singly periodic Doradus variables but also eliminates nonpulsating variables such as ellipsoidal and starspot variables.
In our previous papers in this series, we have examined 15 of Handler's primary candidates and confirmed all of them as Doradus variables, demonstrating the success of his criteria for identifying the primary Doradus candidates. Therefore, we decided to observe all 33 of Handler's 46 primary candidates that are observable with our automatic photoelectric telescopes (APTs) in the northern hemisphere. For this paper we began with 12 candidates (11 from the primary list and one from the further candidates list). Only one of the 11 primary candidates (HD 173977) could not be confirmed as a Doradus star and so is not included in this paper. found HD 173977 to be a short-period binary and suggested it might be an ellipsoidal variable. Before we could publish our photometric results confirming this, Chapellier et al. (2004) announced HD 173977 to be a double-lined spectroscopic binary with an orbital period of 1.801 days that also exhibits photometric variations caused by both the ellipticity effect and Scuti pulsations. This makes HD 173977 similar to HD 207651 ), which appears on Handler' Basic data for the 11 new Doradus stars in this study are listed in Table 1 , with some of their properties determined below. All these stars are either single, the primary of a wide visual double, or the primary of a single-lined spectroscopic binary; none are members of close visual binaries or double-lined systems. Therefore, the V magnitudes, B À V color indices, parallaxes, and variability types listed in Table 1 , which come from the Hipparcos catalog (Perryman et al. 1997) , are not significantly affected by the light of a second star. The determination of spectral types, projected rotational velocities, and radial velocities listed in Table 1 are discussed in x 3 below.
SPECTROSCOPY

Observations
For seven of the 11 stars in this sample, previously obtained spectroscopic observations at the Kitt Peak National Observatory (KPNO) with the coudé feed telescope, coudé spectrograph, and a TI CCD detector. Using the same telescope, spectrograph, and detector combination, we acquired spectra for nine stars in our sample between 2002 September and 2004 September. Combining all the data, we have at least two spectra of each star.
Our new spectrograms are centered at 6430 8, cover a wavelength range of about 80 8, and have a 2 pixel resolution of 0.21 8. The typical signal-to-noise ratios of our spectra are between 100 and 250.
Analyses
The determination of the radial velocities, v sin i values, and spectral classes, as well as estimates of their uncertainties, is described in . Although they previously analyzed seven stars in our sample, our additional spectra have led to slightly revised values of v sin i and mean radial velocity (Table 1) for some of the stars. A colon after a value indicates greater than usual uncertainty, generally because the spectral lines are very broad and shallow or very asymmetric. The luminosity classes were determined from the Hipparcos magnitudes and parallaxes (Perryman et al. 1997 ) as described in . Our previously unpublished individual radial velocities are listed in Table 2 along with comments about those spectra.
4. PHOTOMETRY
Observations
The photometric observations analyzed in this paper were acquired between 2002 September and 2003 July with the T3 0.4 m APT at Fairborn Observatory. The 0.4 m APT uses a temperature-stabilized EMI 9924B photomultiplier tube to acquire data successively through Johnson B and V filters. Each program star was measured in the following sequence, termed a group observation: K, S, C, V, C, V, C, V, C, S, K, in which K is a check star, C is the comparison star, V is the program star, and S is a sky reading. Three V À C and two K À C differential magnitudes are formed from each sequence and averaged together to create group means. Group mean differential magnitudes with internal standard deviations greater than 0.01 mag were rejected to eliminate the observations taken under nonphotometric conditions. The surviving group means were corrected for differential extinction with nightly extinction coefficients, transformed to the Johnson system with yearly mean transformation coefficients, and treated as single observations thereafter. Further information on the operation of the APT and the analysis of the data can be found in Henry (1995a Henry ( , 1995b and Eaton et al. (2003) .
The 11 program stars were observed up to five times each clear night at intervals of 2-3 hr throughout their observing seasons. In addition, each star was observed continuously for several hours on one night near opposition. This observing strategy helped to minimize the inevitable 1 day aliases in our period analyses and allowed us to discriminate easily between Doradus variability (with typical periods of 0.3-3.0 days) and Scuti variability (with typical periods of 0.02-0.25 days). Table 3 lists the comparison and check stars used for each program star, as well as the standard deviation of the V À C and K À C observations. The (KÀC ) values demonstrate that most comparison and check stars are constant to a few millimagnitudes, which is approximately the limit of precision for this APT. 
Period Search
Our period search technique, based on the method of Vaniĉek (1971) , is described in Henry et al. (2001) . For each program star, we analyzed the program star minus comparison star (VÀ C ) differential magnitudes over the frequency range 0.01-30.0 day À1 , which corresponds to the period range 0.033-100 days. The results of our analyses are given in Table 5 . The frequencies and corresponding periods are given only when they could be identified in both passbands. The peak-to-peak amplitudes reported in column (7) of the table are determined for each frequency without prewhitening for the other frequencies. The B amplitudes range from 93 mmag down to 8 mmag and on average are about 1.3 times larger than those in V. The individual B/V amplitude ratios and their uncertainties are listed for each frequency in column (8). Finally, times of minimum light for each frequency are given in column (9); in each case the times of minimum in the two passbands agree within their uncertainties, so there are no detectable phase shifts in our two-color photometry.
In the same way, the (K À C ) differential magnitudes were also analyzed to search for periodicities that might exist in the comparison and check stars. None were found in any of the 22 stars. Thus, all the periodicities reported in Table 5 can be confidently assigned to the program stars.
Least-squares spectra and phase diagrams for the B observations of the 11 program stars are shown in x 6 below. Although the analyses were done over the frequency range of 0.01-30.0 day À1 , the least-squares spectra are plotted over more restricted ranges, since none of the stars exhibited variability above 5 day À1 . In particular, no higher frequencies that could be attributed to Scuti-type variability were found in any of our program stars. The plots of the least-squares spectra show the results of successively fixing each detected frequency until no further frequencies could be found in both passbands. To illustrate all the amplitudes clearly, the phase diagrams are plotted for each frequency after the data sets were prewhitened to remove the other detected frequencies.
CRITERIA FOR CONFIRMING DORADUS VARIABILITY
Throughout our series of papers on Doradus stars, we have used the following criteria for confirming stars as Doradus variables: (1) late A or early F spectral class, (2) luminosity class IV or V, and (3) periodic photometric variability in the Doradus period range that is attributable to pulsation. Our spectroscopic observations establish the spectral types of each candidate. Our photometric observations are numerous and extensive enough (typically several hundred observations over a full observing season) to minimize the effects of 1 cycle day À1 aliasing and provide the correct period identifications. This is important, since the cadence of the Hipparcos observations, from which Handler's candidates were identified, can result in spurious photometric periods, especially for multiperiodic stars (e.g., Eyer & Grenon 2000) .
Our photometric and spectroscopic observations are also used to confirm the variability mechanism(s), especially for stars with single photometric periods, which could be ellipsoidal variables in close binary systems or rapidly rotating starspot variables rather than pulsating stars. In those cases our multiple spectroscopic observations establish the absence of short-period radial velocity variations and thus eliminate the ellipticity effect. The early F spectral types of the candidates and the high level of coherence in the light curves over hundreds of cycles both argue strongly against Notes.
- Table 4A, along with Tables 4B-4K for the other stars, is available in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding form and content. starspot variability. In addition, our observed photometric B/V amplitude ratios provide support for pulsations in these stars. Henry et al. (2000) demonstrated that ellipsoidal variables have B/V amplitude ratios close to 1.00, while starspot variables have typical B/V ratios around 1.12-1.14. The 11 stars in this paper all have significantly larger B/V amplitude ratios (typically 1.25-1.5), in agreement with theoretical models of Doradus stars with low spherical degree (l ¼ 1, 2) nonradial pulsations (e.g., Garrido 2000) . Our Johnson BV photometry and limited spectroscopic observations are not sufficient to allow us to uniquely identify the spherical degree (l ) or the azimuthal order (m) of the pulsations. Stamford & Watson (1981) demonstrated for nonradial pulsations that the wavelength dependence of the photometric amplitude and the phase shift between various photometric bands is a function of l but not m (with an additional dependence of the amplitude on the inclination of the pulsation axis to the observer). In practice, the identification of the spherical degree from photometric observations has many subtle difficulties (e.g., Garrido 2000; Sterken 2002 ). However, our observed B/V amplitude ratios and lack of detectable phase shifts between the two photometric bands (Table 5) are consistent with spherical degree l ¼ 1 or 2 and probably inconsistent with l ¼ 3 (Garrido 2000) . Our spectroscopic observations, obtained primarily to determine spectral class and v sin i and to search for evidence of duplicity, are not nearly numerous enough to be used for line-profile variability and mode-identification studies. Such studies require much more extensive multisite, multitechnique observing campaigns (e.g., Handler et al. 2002; Aerts et al. 2004; Mathias et al. 2004 ).
NOTES ON INDIVIDUAL STARS
HD 2842
In a search for k Bootis stars, Paunzen et al. (2001) classified HD 2842 as F0 V, similar to the F1: dwarf result of . also reported a mean radial velocity of 8.5 km s À1 and v sin i ¼ 90 km s À1 from two spectra. Mathias et al. (2004) determined a v sin i value of 77 km s À1 . In their two blue-wavelength spectra, they found variations in the blue wings of its lines and, as a result, suggested that the star might be a binary. We have not obtained any additional spectroscopic observations of this star and assume that the star is single.
HD 2842 appears on the list of prime Doradus candidates of Handler (1999) , where he finds a period of 0.562 days and possible additional periods around 0.5 days from his analysis of the Hipparcos photometry. The least-squares spectra of our B observations are plotted in Figure 1 , and the results of our period analysis are given in Table 5 . We find three closely spaced periods of 0.65070, 0.58381, and 0.59952 days, with peak-topeak amplitudes in B of 40, 34, and 23 mmag, respectively. The observations are phased with these periods and the times of minimum given in Table 5 and plotted in Figure 2 , which shows clear sinusoidal variations at all three periods. The ratios of the photometric amplitude in B to the amplitude in V for our three periods have a weighted mean of 1:36 AE 0:15, consistent with other Doradus pulsators (e.g., and inconsistent with the ellipticity effect or starspots , Table 8 ). Given the star's F1 dwarf classification, the multiple periods in the Doradus period range, and the B/V amplitude ratio, we confirm HD 2842 as a new Doradus variable.
HD 17310
Nordström et al. (2004) included HD 17310 in their solar neighborhood survey of about 14,000 F and G dwarfs but did not obtain any spectroscopic observations. From three observations Grenier et al. (1999) determined a mean radial velocity of 21:4 AE 3:6 km s À1 and classified the star as F2 IV-V. We determine a spectral class of F2, and its Hipparcos parallax (Perryman et al. 1997) indicates that the star is a dwarf. Our Tables 4A-4K , which are available in machine-readable format in the electronic edition of the Astronomical Journal.
a May not be an independent frequency. See x 6.5. b Data from the monitoring night are not included in the analysis. We conducted a search between 0.1 and 50 days for the orbital period. The best circular-orbit fit to our 11 velocities results in a period of 0.9653 days. As a consequence of such a short period, the orbital axis of the binary and the rotational axes of the components would be aligned and the components would be synchronously rotating. The latter assumption produces a rotational velocity of 100 km s
À1
. Combining this velocity with our v sin i value of 10 km s À1 results in a very low rotational inclination of 6 , which then is also the orbital inclination. Given the modest number of our velocity observations, their poor phase distribution, the very low and thus unlikely orbital inclination, plus velocity changes of several km s À1 from pulsation, we believe that the 0.9653 day ''best'' period is spurious. Instead, we prefer periods in the 20-30 day range, the best of which is 27.793 days. However, we caution that the eccentricity of such a long-period orbit may not be close to zero. Observations are continuing to determine the correct period and other orbital elements.
HD 17310 is a prime Doradus candidate from Handler (1999) , who cited a photometric period of 2.030 days along with another more uncertain period of 2.917 days. We find three independent periods of 2.136, 1.827, and 2.454 in our Johnson B APT photometry, with amplitudes of 21, 15, and 12 mmag, respectively ( Figs. 3 and 4 ; Table 5 ). The light curve is sinusoidal when phased with each of these three periods. The weighted mean B/V amplitude ratio for the three periods is 1:37 AE 0:15, indicating that variability is due to pulsation and not ellipticity or starspots. Therefore, we confirm that the F2 dwarf component of this single-lined binary is a Doradus star.
HD 69715
HD 69715 is the primary of a wide visual triple star with 8.8 and 14.0 mag companions at separations of 93 00 and 34 00 , respectively. Mathias et al. (2004) collected two spectrograms of HD 69715 over a period of 4 days. They determined v sin i ¼ 145 km s À1 . We find a spectral class of F1:. A dwarf luminosity class is indicated by the Hipparcos parallax (Perryman et al. 1997 ). The spectrum is more difficult to classify because of its broad and shallow lines, for which we measure v sin i ¼ 150 km s
À1
. Our two radial velocities (Table 2) Table 5 . Top to bottom: Frequencies of 1.5368, 1.7129, and 1.6680 day À1 . For each panel, the data set has been prewhitened to remove the other two known frequencies. Table 5 ). Both periods exhibit sinusoidal variations in the light curve. The weighted mean B/V amplitude ratio for the two periods is 1:23 AE 0:12, indicating that variability is due to pulsation. Therefore, we confirm HD 69715 as a Doradus pulsator.
HD 70645
Mathias et al. (2004) discovered HD 70645 to be a singlelined spectroscopic binary, and they determined an orbital period of 8.445 days with 11 velocities. We have obtained three additional velocities (Table 2 ). Our first two observations are separated by almost exactly six cycles, and the velocities, which are near velocity maximum, are in good agreement with the published orbit. However, our third velocity has a residual of about 10 km s À1 . Thus, the orbital elements require some revision. We classify HD 70645 as F1, and the Hipparcos parallax indicates that it is a dwarf. Like HD 17310, its lines are quite narrow and variable with an average v sin i ¼ 10:7 AE 1:1 km s À1 , in agreement with the value of 11 km s À1 found by Mathias et al. (2004) .
HD 70645 is included in the list of prime Doradus candidates of Handler (1999) , with a period of 0.825 days and possible additional periods around 1.25 days. Martín et al. (2003) collected 54 photometric observations on five nights at Observatorio de Sierra Nevada and reported periods of 1.148 and 0.690 days. We find five independent periods of 1.1031, 0.7929, 0.8591, 1.2405, and 1.1460 days in our APT photometry, with B amplitudes of 41, 40, 33, 32, and 27 mmag, respectively (Figs. 7 and 8; Table 5 ). All five periods give approximately sinusoidal phase curves, although there is some suggestion of cycle-to-cycle variation in the level of maximum brightness, similar to the Blazhko effect observed in some RR Lyrae variables (Szeidl 1976 ) and also in a few other Doradus stars (see, e.g., the references in . The weighted mean B/V amplitude ratio for the five periods is 1:33 AE 0:10, indicating variability due to pulsation and not ellipticity or starspots. Therefore, we confirm the F1 dwarf primary component of HD 70645 as a Doradus variable.
HD 80731
Moore & Paddock (1950) observed HD 80731 at Lick Observatory as part of a general program to measure radial velocities. From two observations they determined a velocity of 4 AE 2:5 km s À1 and also classified the star as F0 V. Our spectral type is quite similar, F1 dwarf. Mathias et al. (2004) found HD 80731 to be a single-lined spectroscopic binary with a period of 13.57 days. At red wavelengths we also find the spectrum to be single-lined. Our seven spectrograms show a velocity range of 36 km s À1 ( Table 2) v sin i ¼ 13 km s À1 and noted that the star has line profile variability. Our values of v sin i range from 11.3 to 18.3 km s À1 , and the mean value from our seven spectra is 14:5 AE 1:1 km s À1 . HD 80731 is a prime Doradus candidate from Handler (1999) , who finds a period of 1.116 days and possible additional periods around 1.4 days. Martín et al. (2003) found periods of 2.237 and 1.403 days with their 50 photometric observations in five nights from Observatorio de Sierra Nevada. In our APT data covering 252 nights, we find four periods at 1.1160, 1.2783, 1.5154, and 0.7622 days, with B amplitudes of 61, 45, 19, and 15 mmag, respectively (Figs. 9 and 10; Table 5 ). The fourth period is approximately half of the third, so it may not be an independent period. The light curve approximates a sinusoid when phased with each of the four periods. However, as with HD 70645, there is a suggestion of cycle-to-cycle variation in the level of maximum brightness. The weighted mean B/V amplitude ratio for the four periods is 1:26 AE 0:10, indicating that the photometric variability is due to pulsation. Thus, given its spectroscopic and photometric properties, we confirm that the F1 dwarf primary in HD 80731 is a Doradus variable.
HD 112429 (HR 4916, IR Dra)
HD 112429 is bright enough to be included in the Bright Star Catalogue (Hoffleit 1982) . Thus, it has been observed in a wide variety of bright-star surveys. Recently, classed the star as an F1 dwarf, similar to other results in the literature, and found it to have v sin i ¼ 115 km s À1 . The two velocities of of its lines had line profile variations. We have obtained no additional spectroscopic observations. The Hipparcos mission team discovered HD 112429 to be variable, with a period of 0.424504 days. Aerts et al. (1998) reanalyzed that photometry and found periods of 0.4245 and 0.4458 days. They identified the star as a new candidate Doradus variable. As a result, Kazarovets et al. (2000) provided it with the variable star name IR Dra. It also appears as a prime Doradus candidate in the list of Handler (1999) , who cites the periods from Aerts et al. (1998) .
We find five closely spaced periods of 0.42450, 0.44583, 0.40533, 0.39830, and 0.48797 days in our APT photometry, with B amplitudes of 47, 22, 22, 8, and 17 mmag , respectively (Figs. 11 and 12;  À1 from a single observation. Our four additional spectra range in velocity from 7.9 to 13.4 km s À1 and have an average velocity of 11.5 km s
À1
. Thus, the mean of the five KPNO velocities is 11:7 AE 1:0 km s
. The difference between the KPNO mean velocity and that of Christie & Wilson (1938) likely results from different observatory zero points and line profile variations. HD 115466 is probably a single star, but additional observations will be necessary to confirm this conclusion.
The Hipparcos mission team discovered the light variability of HD 115466 and determined a period of 1.68350 days (Perryman et al. 1997) . They concluded that it was an eclipsing binary. Kazarovets et al. (1999) provided the variable star designation LP Vir and classified it as an uncertain ellipsoidal variable. Handler (1999) included it in his list of prime Doradus candidates with periods of 0.927 and 0.703 days.
In our APT photometry, we find three independent periods of 0.8302, 0.7342, and 0.6951 days, with B amplitudes of 32, 16, and 16 mmag , respectively (Figs. 13 and 14; Table 5 ). The light curve closely approximates a sinusoid when phased with each of these three periods. The weighted mean B/V amplitude ratio for the three periods is 1:47 AE 0:11, indicating that the photometric variability is due to pulsation. Thus, we confirm this F1 subgiant as a Doradus variable, so the variability type listed in the General Catalog of Variable Stars (GCVS) and in SIMBAD should be revised. (Wilson & Joy 1950) . The lines of two of the recent KPNO spectra are asymmetric, probably as a result of pulsation rather than unresolved duplicity. We currently assume that the star is single.
Hipparcos identified HD 124248 as a variable star with a period of 1.34092 days and called it an eclipsing binary (Perryman et al. 1997) . Kazarovets et al. (1999) gave it the variable star name MU Vir and classified it as an uncertain eclipsing binary. It was included by Handler (1999) in his list of prime Doradus candidates with photometric periods of 0.671 and 0.617 days.
We find two independent periods of 0.7614 and 0.8218 days in our APT photometry, with B amplitudes of 53 and 24 mmag , respectively ( Figs. 15 and 16 ; Table 5 ). The light curve closely approximates a sinusoid when phased with these two periods. The weighted mean B/V amplitude ratio for the two periods is 1:30 AE 0:12, indicating that the photometric variability is due to pulsation. Thus, we confirm this A9 dwarf as a Doradus variable. These photometric results, along with the lack of evidence for a companion in our radial velocities, indicate that the variability type listed in the GCVS and in SIMBAD should be revised.
HD 175337
From three spectrograms concluded that HD 175337 was probably single despite significant line asymmetries. They determined the star to be an F2 dwarf with v sin i ¼ 38 km s À1 . Recently, from seven spectra Mathias et al. (2004) noted that line profile variability was evident and concluded that the star was unlikely to be a binary. Their v sin i value was identical to that of . We have obtained three additional spectrograms at KPNO ( Table 2) . Our six observations have a total range in velocity of 4.5 km s À1 and Table 5 . Top to bottom: Frequencies of 1.2045, 1.3621, and 1.4387 day À1 . For each panel, the data set has been prewhitened to remove the other two known frequencies. an average radial velocity of À1:4 AE 0:6 km s À1 . Our revised mean projected rotational velocity is still 37:6 AE 0:7 km s À1 . All the current spectroscopic observations indicate that HD 175337 is likely a single star with line asymmetries caused by pulsation rather than duplicity.
HD 175337 was included by Handler (1999) as a prime Doradus candidate, with periods of 0.787 and 1.057 days. We find only a single period of 0.7869 days in our APT photometry, with an amplitude of 35 mmag in B (Figs. 17 and 18 ; Table 5 ). The light curve approximates a sinusoid when phased with this period. The B/V amplitude ratio is 1:15 AE 0:10, consistent with pulsation but also with ellipsoidal variation and starspots , Table 8 ). The possibility that the photometric variability is due to the ellipticity effect in a short-period binary is excluded by the lack of large radial velocity variations. Likewise, starspot activity (implying a stellar rotation period of 0.7869 days) is unlikely because of the early spectral class of the star, its relatively low v sin i of 38 km s À1 , and the coherency of the light curve over hundreds of cycles. Instead, the variable line profiles suggest the presence of pulsation. Thus, we conclude the photometric variability is due to pulsation and confirm this F2 dwarf as a Doradus star. (2003) and Fehrenbach et al. (1997) are in agreement, while the earlier mean velocity of Harper (1937) is 9 km s À1 more positive, suggesting that the star might be a binary. showed that its line profiles have large asymmetries, which appear to be similar to those of HD 221866 (Henry & Fekel 2002) . From an analysis of 36 spectra, covering 564 days, Mathias et al. (2004) noted that line profile variations are evident but did not comment on the duplicity of the star. We have obtained two additional spectrograms, one of which shows significant line asymmetries. The new velocities (Table 2) , averaged with the two of , result in a mean radial velocity of À27:6 AE 1:2 km s À1 . Unlike HD 221866, which was recently shown to be a double-lined spectroscopic binary Kaye et al. 2004) , the evidence to date indicates that HD 195068/9 is a single star.
The Hipparcos mission team discovered HD 195068/9 to be a variable star with a period of 0.799678 days (Perryman et al. 1997) . They concluded that it was an RR Lyrae variable with an asymmetric light curve. Kazarovets et al. (1999) provided it with the variable star designation V2121 Cyg. They classified it as RRAB:, an uncertain RR Lyrae variable, and noted that it had a strong Blazhko effect. Handler (1999) included the star in his list of prime Doradus candidates. He cited a period of 0.800 days and a more uncertain period of 3.7 days, both from the thesis of Eyer (1998) .
We find three independent periods of 0.7996, 0.7701, and 1.0360 days in our APT photometry, with B amplitudes of 93, 31, and 23 mmag , respectively (Figs. 19 and 20; Table 5 ). The second panel of Figure 19 shows that Eyer's uncertain 3.7 day (0.27 day À1 ) period is probably an alias of our second period. The light curve approximates a sinusoid when phased with each of our periods. However, as with HD 70645 and HD 80731, the Blazhko effect is apparent, as noted above by Kazarovets et al. (1999) . The weighted mean B/V amplitude ratio for the three periods is 1:31 AE 0:08, indicating photometric variability due to pulsation. Therefore, we confirm HD 195068/9 as a Doradus variable and note that its variability type in the GCVS and in SIMBAD should be revised. Table 5 . ( Table 2) , averaged with the earlier one, result in a mean v sin i of 66:1 AE 0:9 km s À1 and a mean radial velocity of À13:8 AE 1:2 km s À1 . This reduces the radial velocity difference between the two observatories to 6.1 km s À1 , which is a 2 difference. The six KPNO velocities, obtained over a 1400 day period, show a velocity variation of 8 km s À1 . However, that maximum variation occurred over a 1 day interval ( Table 2) . Thus, we believe that HD 213617 is likely single, with the variable velocity resulting from line profile variations caused by pulsation.
HD 213617 is the only star in our sample that came from the list of further candidates in Handler (1999) . He gave a photometric period of 0.569 days but noted that it was a weak signal. We find two closely spaced periods of 0.7557 and 0.7302 days in our APT photometry, with B amplitudes of 39 and 24 mmag, respectively (Figs. 21 and 22; Table 5 ). The single night of monitoring data was not included in our analysis since it seemed to complicate the analysis rather than simplify it. The light curve closely approximates a sinusoid when phased with our two periods. The weighted mean B/V amplitude ratio for the two periods is 1:28 AE 0:13, indicating that the photometric variability is due to pulsation. Thus, we confirm this F1 dwarf as a Doradus variable.
DISCUSSION
In Table 6 we list all 54 Doradus stars that have been confirmed to date, including the 11 stars in this paper. The list includes 29 single stars, six single-lined spectroscopic binaries, 11 double-lined binaries, and 10 visual double or multiple systems. Both HD 7169 and HD 23874 are very close visual doubles (Perryman et al. 1997 ) and double-lined binaries , and so were counted in both categories. In most of the cases involving duplicity, it is clear that the primary component is the Doradus variable; in those cases, we have appended an ''A'' to the HD number in column (1) to designate the primary component. HD 221866, however, is a double-lined system for which Kaye et al. (2004) have shown that the secondary is probably the Doradus star; we have appended a ''B'' to its HD number in Table 6 . The two components of the double-lined binaries HD 86371 and HD 113867 are similar in spectral type, so it is not clear which star is the Doradus variable; indeed, both components could be pulsating. In those two cases we have listed both the primary and secondary components in Table 6 with designations of ''A:'' and ''B:'', indicating uncertainty in identifying the Doradus component. Therefore, Table 6 actually contains 56 entries.
For the single stars, the wide visual doubles, and the singlelined binaries in Table 6 , the V magnitudes and B À V colors listed in columns (4) and (5) are taken directly from the Hipparcos catalog (Perryman et al. 1997) . For all visual double stars and the double-lined spectroscopic binaries, the V magnitudes and B À V colors refer to the individual components designated in column (1); provide details on the determination of those values. The stellar properties listed in columns (6)- (8) have all been determined from the V magnitudes, Table 5 . Top to bottom: Frequencies of 1.2507, 1.2986, and 0.9652 day À1 . For each panel, the data set has been prewhitened to remove the other two known frequencies. Table 5 . The two frequencies are 1.3232 day À1 (top) and 1.3694 day À1 (bottom). For each panel, the data set has been prewhitened to remove the other known frequency. B À V colors, and parallaxes by the method outlined in Henry et al. (2001) . Most of these stars have multiple photometric periods; the period given in column (9) is the one with the largest amplitude. Column (10) gives the literature reference(s) establishing each star as a Doradus variable. Handler (1999) listed 46 prime Doradus candidates, based on analysis of Hipparcos photometry. We have now confirmed 25 of those candidates as Doradus stars in our series of papers. In many cases, however, the periods determined from our APT observations differ significantly from those in Handler (1999) and also from those cited in Martín et al. (2003) for HD 69715, HD 70645, and HD 80731. The Doradus variables typically have multiple periods around 1 day, which makes it difficult to identify the correct periods from the Hipparcos photometry because of its unusual sampling pattern and modest ($100) number of observations. Thus, the Hipparcos candidates require additional photometry to confirm their Doradus nature, as recommended by . Even greater difficulty is encountered in single-site, ground-based data sets covering only a few days and containing only a few dozen observations, such as those in Martín et al. (2003) . The larger APT data sets, which typically cover an entire observing season and contain hundreds of observations with multiple observations per night, allow better characterization of the multiperiodic variability of the Doradus variables. Although our single-site data are still subject to 1 day aliasing, our observing strategy maximizes the chances of identifying the periods correctly. For the 11 stars in this paper, we find periods ranging from 0.398 to 2.454 days, entirely within the period range of previously known Doradus variables.
Using the B À V color indices and absolute magnitudes in columns (5) and (6) of Table 6 , we plot all the Doradus stars in the H-R diagram of Figure 23 . The solid lines show the dwarf and giant sequences from Tables B1 and B2 of Gray (1992) and the subgiant sequence of Allen (1976, p. 210) , all of which represent observed average values of normal stars. The dotted lines indicate the boundaries of the Scuti instability strip, converted from those of with the b À y to B À V calibration in Table B1 of Gray (1992) . These same boundaries were shown by to contain 97% of a sample of 146 Scuti stars, taken from the catalog of Rodríguez et al. (2000) , that had Hipparcos parallaxes with uncertainties 10%. The Doradus stars in Table 6 with V magnitudes and B À V colors that were explicitly measured or determined are plotted as filled symbols. Eleven double-lined binary components are plotted as open circles because their V magnitude differences and /or B À V colors could only be estimated from their spectral types, so their positions in the H-R diagram have greater uncertainties. One Doradus pulsator, HD 209295, is plotted with a cross, since its low-frequency pulsations are thought to be excited by the presence of a degenerate companion . HD 8801, the only star known to pulsate intrinsically at both Doradus and Scuti frequencies (Henry & Fekel 2005) , is plotted as a circled point. The 11 new Doradus variables in this paper are plotted as stars.
The dashed lines in Figure 23 mark the observed boundaries of the Doradus instability strip, determined by from the 30 confirmed Doradus stars in Henry & Fekel (2002) . The triple-dot-dashed lines show the outer edges of the theoretical Doradus instability strip from Warner et al. (2003) (defined by l ¼ 1 on the red edge and l ¼ 5 on the blue edge), where we have adopted their absolute magnitude limits and converted their effective temperature limits to observed B À V with the calibration of Flower (1996) . With the addition of 11 new Doradus stars from this paper and HD 8801 from Henry & Fekel (2005) , we have increased the sample of 42 Doradus variables in by nearly 30%. The majority of confirmed Doradus stars are dwarfs, with a few subgiants, and their locations straddle the cool boundary of the Scuti instability strip. Figure 23 shows that the enlarged sample of Doradus variables remains in excellent agreement with the boundaries of the Doradus region determined observationally by and theoretically by Warner et al. (2003) .
We thank Lou Boyd for his continuing support of the automatic telescopes at Fairborn Observatory and the anonymous referee for useful comments on this paper. This work was supported by NASA grant NCC5-511 and NSF grant HRD 97-06268 to Tennessee State University. This research has made use of the SIMBAD database, operated at CDS, Strasbourg , France. (Table 6) in the H-R diagram, including the 11 stars discussed in this paper (stars). Solid lines indicate the observed average locations of normal main-sequence ( V ), subgiant ( IV), and giant ( III ) stars in the diagram. Both components of two of the doublelined spectroscopic binaries are plotted for a total of 56 individual stars. Stars with well-determined locations in the diagram are plotted with filled symbols, while those with somewhat greater uncertainty (most of the double-lined binary components) are plotted with open symbols. One star, HD 209295, is plotted with a cross, since its Doradus pulsation is likely tidally excited. HD 8801, the only star known to pulsate intrinsically at both Doradus and Scuti frequencies, is plotted as a circled point. The dotted lines indicate the boundaries of the Scuti instability strip, converted from those of . The dashed lines show the observed domain of the Doradus pulsators, adopted from Fekel et al. (2003) and unchanged in this paper. The triple-dot-dashed lines show the outer edges of the theoretical boundaries of the Doradus instability strip, converted from those of Warner et al. (2003) .
